
imCLASSIFIEB 

AD 266 '27 
Reproduced 

by the 

ARMED SERVICES TECHNICAL INTORMATON AGENCY 
ARLINGTON HALL STATION 
ARLINGTON 12, VIRGINIA 

UNCLASSIFIED 



NOTICE:  When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other 
data is not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 

! 



Best 
Available 

Copy 



j». 

" c 

r" _^ 

5 

g 
« 1 ^ 
w s 

I 

RUBBER LABORATORY 
MARE ISLAND NAVAL SHIPYARD 

TECHNICAL REPORT 
SUBJEC"! 

DEVELOPMENT OF DAMPING TREATMENTS  FOR NEW CONSTRUCTION SUBMARINES 

PROGRESS REPORT NO.   9 

REPORT NO. 

94-33 

DATE 

ASTIA 

1 November 1961   IrVTCXH/^U"^ 
UPÜfl q 

t2ND    P2321 



I ". 

DEVELOPMENT OF DAMPING TREATMENTS FOR NEW CONSTRUCTION SUBMARINES 

PROGRESS  REPORT NO.  9 

Project No.  S-FO13-U-01 

Ttesk No.  908 

Identification No.   1-908-1 

BOBBER LABORATORY 

MARE ISLAND NAVAL SHIPYARD 

VALLEJO,  CALIFORNIA 

Report No.   94-33 

Prepared  1 November 1961 



TABLE OF CONTENTS 

ABSTRACT   

REFERENCES     

INTRODUCTION    

OBJECTIVES     

DESCRIPTION  OF DAMPING TREATMENTS       

TESTING PROCEDURES     

PRESENTATION OF DAMPING DATA     

RESULTS      

Precision of Damping Measurements     

Effect of Constraining Pressure on Damping 

Effect of Relaxation of Constraining Pressure on Damping 

Effect of Stud Diameter and Spacing on Damping      

Effect of Thickness of Constraining Layer on Damping 

Effect of Location of Treatment on Damping       

Choice of Best Treatments     

SUMMARY      

FUTURE WORK       

One-Sided Treatmentc  

Treatments Utilizing Various Types of Constrained Layers 

PERSONNEL       

APPENDICES 

Page 

ii 

1 

2 

3 

5 

6 

8 

8 

10 

U 

u 
15 

16 

18 

13 

^0 

^0 

^0 

21 



o 

ABSTRACT 

This work is a continuation of the development of damping treatments 

for  submarines.    Test treatments were applied to either one face,  or  to 

two  faces of 1-3A inches thick steel bars,  simulating in thickness 

bulkheads,  and to 3/4 inch thick bars,   simulating webs of deep frames. 

Each treatment consisted of a  1/8 inch  thick constrained strip of wool 

felt, and a constraining aluminum bar. 

Damping of vibrations  induced In the bars  increased with constraining 

I pressure,  attaining a maximum at about 20 to 65 psi,  after which damping 

declined.     The beneficial effect of the  initially applied pressure persisted 

even after  103  days of stress relaxation.     The effect of pressure is 

primarily attributed  to  the state of compression of the felt,  rather  than 

to pressure per se.     This  effect was more pronounced  the higher was  the 

weight ratio of the constraining layers  to  the steel bar.     At a pressure 

of  50 psi average damping over  the  frequency range up to 2100 cps was 

proportional  to  this  ratio. 

The best treatments were No.   178A  for 3A inch thick  steel bars, 

and No.  170 for 1-3/4 inch bars.     Their weight ratios were 0.46 and 0.40, 

respectively.     Their average dampings at 85'"? were 15% and 9% of critical, 

respectively,  over  the frequency range up to 2100 cps. 

Treatments applied  to only one side of a  steel bar yielded  the  same, 

or  slightly higher damping than  treatments of equal weight ratio applied 

to  two sides of a bar. 
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INTRODUCTION 

1. The work described herein is a continuation of the project for developing 

vibration-damping treatments for pressure bulkheads and webs of deep hull 

frames of submarines. This investigation was authorized by the Bureau of 

Ships in reference (a). 

2. The reaults obtained in the previous stages of the work were reported 

in references (b) through (h). That  work dealt with damping treatments for 

thick (1-3/4 inch) bulkheads only.  The treatments investigated were all of 

the constrained layer type. The constrained layers were usually wool felt 

or rubber, and the constraining layers were usually aluminum or steel.  All 

of these treatments were intended for application to both faces of the 

bulkhead. 

3.  The best damping treatments for pressure bulkheads found in the prior 

work were Treatments 129 and 170.  These treateents were capable of yielding 

at 850F an average damping efficiency of 10%  of critical damping over a 

frequency range of 50 to 1500 cps. Both of these treatments comprised a 

constrained layer of l/B  inch thick treated wool felt and a constraining 

layer of 1 inch thick aluminum plate on both faces of the bulkhead.  The 

ratio of the weight of the two aluminum plates to the weight of the steel 
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bulkhead vaa 0.40,    The studs vhich held the alumlnura plates  to the 

bulkheads were spaced 11 inches apart in both treatments.    Treatment 129 

had 1/4. inch diametar studs;   Treatment 170 had  5/8  inch diameter studs. 

OBJECTIVES 

4.  The work reported herein was a continuation of the study of damping 

treatments consisting of constrained layers of l/8 inch thick treated wool 

felt and constraining layers of aluminum plate.  The objectives were to 

investigate the following: 

a. General effect of constraining pressure on damping efficiency. 

It was shown in Report 94-29, reference (h), that increasing the 

constraining pressure improved damping efficiency until a limiting 

value was reached. 

b. Effect on damping of relaxation of constraining pressure. 

c. Effect of stud spacing and stud size. 

d. Effect of thickness of aluminum constraining layer. 

e. Effect of location of damping treatment, i. e., all on one side 

of damped plate or divided between both sides. 

f. Choice of treatments for damping 3/4 inch thick steel plates as 

well as for damping l-j/4 inch thick steel plates. 

5.  The work described in this report was started before receipt of the 

Bureau's instructions in reference (i) concerning future work on this 

project.  Consequently, in this work no limitation was placed on the weight 

of the damping treatment. 
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DESCRIPTION  OF DAXPING TREATMENTS 

6. The  tested treatments  are described in Appendices  1 and 2.     Each one 

of the  tested  treatments consisted of a wool  felt layer  l/8 inch  thick, 

and an aluminum plate which was used as  a constraining  layer.     The treat- 

ments were applied  to  flat steel bars,  }/k inch or 1-3/4 inch  thick.    ?iost 

of the  treatments were applied  to both flat sides of the  steel bar.     Three 

treatments were applied  to only one side of the bar. 

7. The aluminum constraining plates varied in  thickness  from l/8 inch to 

1 inch,  depending on the  treatment.     The felt layer used with each constrain- 

ing  layer consisted of two  plies of l/l6  inch  thick strips.     The  felt was 

procured under Stock No.   G5330-196-8816 of Navy Stock List of General 

Stores,  and conformed  to  specification MIL-G-202A1B.     It was  imoregnated 

with a non-drying,  non-oxidizing,  anticorrosive chromated compound,  and 

coated on one  side with a   thin film of pressure-sensitive adhesive compound. 

8. The aluminum constraining bars were  fastened  to  the  steel bars  by means 

of studs,  nuts and washers.     (Quarter-inch,   l/2  inch,  or 5/8 inch diameter 

studs were used,  and  the distances between  the  studs varied  from 3   to 

12 inches,  depending on the  treatments.     A  stud spacing of 3  inches  is 

manifestly unsuitable for practical applications.     This  spacing was used 

in the present work because it served  to  indicate whether stud  spacing 

per  se influenced damping,  and also because it enabled  the application 

of high constraining pressures,  up  to 100 pci,   to  thin constraining  layers 

without causing significant bulging. 
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9. The weight ratios of the constraining aluminum layers  to  the steel bars 

varied between 0.12 and 0./V6.     This ratio  is based on  the total weight of 

the constraining layer or layers of each treatment, whether applied to one 

side or  to  two sides of a  steel bar.     The ratio does not include  the weights 

of the felt layers,   the  studs,   the nuts,  or  the washers.     The weight of the 

l/8 inch  thick felt was 0.3  lb.  per stjuare  foot.     The combined weights of 

the studs,  nuts,  and washers per square foot of treatment area was  from 

0.1 to 0.5  lb.,  depending on the treatment. 

TESTING PROCEDURES 

10. The  testing procedures were essentially  the same as  those which were 

reported in reference   (fa).     They are described in detail in Appendix 3. 

The instrument arrangement for determining damping Is  shown in Appendix 4. 

It differed in one important aspect from  the arrangement of reference   (h), 

namely,   the  substitution of a one-octave Spencer Kennedy Laboratories, 

Model 302 filter  for the half-octave  filter used in the work of reference   (h), 

The one-octave filter permitted  the determination of damping up  to approx- 

imately 20^ of critical damping.     The upper working limit for the half-octave 

filter was  about 12-15% of critical damping.     Damping was determined at 

85T,  unless otherwise  stated. 

11. Appendix 3 also describes and discusses   the procedures  for determining 

the constraining pressure on the felt layer,   the thicknesa of the compressed 

felt layer,   the detection and measurement of the bulge  in the constraining 

layer caused by  the applied pressure,   the  screening of the modes of vibra- 

tion. 
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PRESENTATION OF DAMPING DATA 

12. For each variant tested in this work  the damping,   expressed ae per cent 

of the critical damping,  was  determined for the resonance frequencies of the 

bar assembly up to a  frequency of about 3000 cps.     These determinaUons were 

then repeated  twice or thrice without changing  the felt strips or  the con- 

straining pressure,  and the damping values were averaged for each resonance 

frequency,  as well as  for the entire frequency range up  to  the resonance 

frequency nearest to 2100 cps.     There were from 10 to  13  resonance  frequencies 

in this range,  and each average damping value for this  entire range was  the 

average of some 30  to  50 measured values. 

13. This manner of presenting average damping differs  slightly from the manner 

in which average damping was  presented in the previous work,  as reported in 

reference   (h).     In  that reference average damping was  calculated only for 

the frequency range up  to  1500 cps.     The  justification for the selection of 

this  range was   the  finding that no  substantial damping was observed in that 

work beyond about 1500 cps,   even in  treatments which yielded  the highest 

damping values.     It was  also observed in such  treatments  that damping fell 

off very  sharply above frequencies of about 1300-1500 cps.     For this reason 

It was assumed that 1500 cps  represented  the approximate  limit for effective 

damping of the tested  treatments.     In the present work  the improved technique 

of determining damping resulted in a shift of  that limit to about 2100 cps. 

This  limit is presumably inherent in the properties of the felt material 

used at the  test temperature,  85CF.     Thus,   the choice of 2100 cps as  the 

upper  frequency  limit for reporUng average damping was  not arbitrary.     It 
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Effect of Constraining Pressure on Damping 

21. The relations between damping and the constraining pressures applied 

to the treatments are indicated by the data of Appendices 1 and 2. As a 

general rule, average damping and the width of frequency band over which 

damping was in excess of %  of critical increased with constraining pressure 

up to maximum values at pressures of about 20 to 65 psi, depending on the 

treatment. Beyond these pressures damping decreased.  The effect of pressure 

was most pronounced in Treatment 178A, which exhibited the highest damping 

of all of the tested treatments.  The relations between damping and constrain- 

ing pressures for Treatments 178A and 170 are shown in Appendices 6, 7, and 8. 

22. There were a few exceptions to this rule.  The widest discrepencies were 

observed in the case of Treatment 179A.  They were due in part to the fact 

that the data for this treatment were obtained from two separate test 

assemblies, as was explained in paragraph 20.  A single test assembly was 

used for each of the other treatmente listed in Appendices 1 and 2. 

23. The decline in damping which occurs at high constraining pressures was 

not observed in the previous work, reference (h).  This is attributed to the 

use of a half-octave filter in that study.  This filter was inadequate for 

measuring damping in excee. of 12^ or 15%  of critical.  The one-octave filter 

which was employed in the present work was suitable for measuring damping up 

to about 20^.  The more accurate data obtained with this filter enabled 

detection of the damping decline. 
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2A.  In the previous work, reference (h), it was recommended that a constrain- 

ing pressure of 50 to 100 psi be applied to the treatment at the time of its 

installation aboard ship.  The more extensive tests made in the present work 

indicate that higher average damping and wider frequency range over which 

damping is in excess of 5%  of critical will be obtained at pressures in the 

range of 20 to 40 psi.  A pressure of 30 psi would seem to be adequate for 

practical applications.  This reduction in pressure will enable the use of 

wider spacings between studs than at the previously recommended higher 

constraining pressures, before reaching the critical pressure limit beyond 

which significant bulging of the constraining layer will occur.  Pressure 

is to be applied by means of a torque wrench to the desired level according 

to the equation of paragraph 9 of Appendix 3.  It is further recommended that 

the application of pressure be repeated thrice, with no less than one hour 

between each application. 

25.  It was shown in reference (h) that when the damping efficiency of the 

treatment was increased by raising the constraining pressure, the improve- 

ment in damping persisted even after considerable lowering of this pressure 

due to stress relaxation of the felt layer.  This suggested that pressure 

per se was not important in increasing damping, but that the effect of 

pressure was indirect, and was due to the compression of the felt layer. 

26.  It is apparent from Appendices 1 and 2 that damping tended to increase 

as the felt layer was progressively compressed, until maximum damping was 

reached at a felt thickness of about 0.070 to 0.090 inch, depending on the 

treatment.  Further compression of the felt resulted in a decrease in damping. 
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Available data suggest that practically all of the air interstices in the 

felt were removed at a constraining pressure of 100 psi.  On this assumption 

the volumes of the air in the felts nt constraining pressures corresponding 

to maximum damping vere calculated for the various treatments by means of 

the equation of paragraph 19 of Appendix 3.  These volumes ranged from about 

10^ to 20%  of the volume of the compressed felt.  The volume of air in the 

non-compressed felt was about U0%  to 50;'.  It is concluded, therefore, that 

the reduction in damping at high constraining pressures was associated with 

curtailment of the freedom of movement of the felt fibres. 

Effect of Relaxation of Constraining Pressure on Dam, ing 

27. As stated in paragraph 25, the data of reference (h) showed that 

the benificial effect of pressure on damping persisted even after a substantial 

reduction of the initially applied pressure due to stress relaxation.  In that 

work the damping measurements were made within a short period of about one 

hour to a few days after application of the constraining pressure.  Under 

service conditions the compressed felt in a damping treatment will be under- 

going stress relaxation over a very protracted period.  It was of interest, 

therefore, to determine the extent of the preservation of the benificial 

effect of pressure over long periods of time. 

28. Treatments 170 and 173 were studied in this respect. A pressure of 

65 psi was applied to Treatment 170 attached to a 1-3/4 inch thick steel bar, 

and a pressure of 19 psi was applied to Treatment 178 attached to a 3/4 inch 

thick bar.  The assemblies were then let stand at room temperature.  The 

residual torque was measured periodically and the residual pressure on the 
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stun. of raryi„e dlanoters!  placed at Tarying ^^ npart^t ^^ 

inro^uon „Mch Ua. bee„ obtelned t, date Coatee that at a preesur, 

of JO psi,  and with stude olncpri   TP  4«-I, 
as placed  U inches  apart,  bulging win  occur in 

V2 inch  thick alunimm plates as well a*  in 7A9  <     u  .L well a.  in 7/32 inch  thick steel  plates. 
Under  the  same  conditions bulging will occur    or 

B ng wni occur,  of course,   in thinner plates 
of  the  samt» mntfin'ni        A  

««terlal.    A  spacxng of about 6  inches  between studs might 

-U- 



R..«r. or »uc Plate5.   s^a. 1A lnch ln dlaffieter could ^ u3ed for 

such .„^nation, and .  torque of „ ^^ ^ ^^ ^ ^^ 

of paragraph 9 Jf Appendix 3. 

35.  Fo. tt.! inch ^ almlma ^ i/2 inoh ^^ ^ ^ 

V inches apart, coul(] be used_    A  torTM of 43o ^^^^ ^ ^^^ ^ 

oo„Etralnlng precEupe of ia pal     no signiriMnt ^^^ ^ ^ ^ 

^e. u *m ^ ^ condlUon^    ^^^ ^^^^ ^ ^ 

not he use. with U.inoU sp.e^,  heceu=e ^e ro^^ tor^ for M ^ 

procure would exceed the .tre-gth of the stads. 

mss^su^ssa^LCsssjs^^ teyer on Damn,T 
36.    D^. at comparable con^alnlng ^^^^ ^^ dependent M ^^ 

thiCcne. or the o0„ctralnlne U}^    ^ _   ^ ror ^ ^ ^ 

steel bars,  as well ae  for 1-3//  innh  +h^  i   K or 1^/4 inch  ^^  ^^     ^^   ^  ^^ ^ ^^ 

1-3/4 inch  thick aluminum constraining layer,     th« mn^ 
B xsyers,   the maximum average damping 

Ton ,VMtae„te U» ^ 170 „ore ^ ,„, 9>3;;;  ^^      ^ ^^J 

Pondin, valMe for &eatBent 178C> ^^ ut!iued v2 ^^ ^ ^^^ 

We., „s 6.«.    The efrect un£ nm ^ pron_ced u  ^^ ^    ^ ^ 

3A inch steel bars.     Jn  this instance  the hi***** 
,+u  _ highest average damping obtained 

"« T""1178A'uhioh utulzed 1/2 inoh ^ c~'-—- 
15.«.     The hleheat average ^^ obtal„ed ulü, ^^  ^ ^  ^ 

in which 1/4 inch alumrn™ layer5 ,„, usedj  vnc ^^ 

-15- 



37. Analysis of the data of Appendices I  and 2 revealed that the important 

factor in the relation between damping and thickness of constraining layer 

was not the thickness per se, but rather the weight or thickness ratio of 

the constraining layers to the steel bar. As an example, the damping obtained 

with 1/2 inch aluminum layers applied to e 3A inch steel bar (Treatment 178A) 

was about twice as large as the damping obtained with l/2 inch aluminum 

layers applied to a 1-3A inch bar (Treatment .178C) at comparable constrain- 

ing pressures. 

38. This relation is further illustrated in Appendix 11,  Average dampings 

at n constraining pressure of 50 psi of all of the treatments of Appendices 

1 and 2 for which such data were available were plotted against the correspond- 

ing weight ratios.  In computing this ratio the total weight of the aluminum 

layers was considered, irrespective of whether it was distributed on one 

face or on two faces of the steel bar.  The plot of Appendix 11 indicates 

a near proportionality of damping to weight ratio.  This plot might serve 

as a guide for estimating the potential damping capacities at 85nF of 

treatments consisting of aluminum constraining layers and l/8 inch thick 

chromated felt, of the type used in this work. 

Effect of Location of Treatment on Damping 

39. A series of tests was made in which the dampings obtained with treat- 

ments applied to one side of the steel bar were compared with the dampings by 

treatments applied to two sides of the steel bar.  In these comparisons the 

weight of the aluminum constraining layer of the one-sided application was 

equal to the combined weights of the two constraining layers of the 

-16- 



««-.«- appU^Uon.    ste,! te„ ^ inch mck „,„ used ^ ^ teate 

a- thlrt«..« of ^ C[,MtralnIn(!  lay6ro ranged ^ vg ^ ^ ^ ^ 

»- velght ratio, of sllmlnum to steel „, elther 0 ^ ^ o:o      ^ ^ 

<«• th. one-^ded and ^ oorrespondlllg ^^  ^^^ ^ ^^ 

f tte 3a„e stee! bar,  „UUzl^ «..   8a».a sftldS and Stud spaol^.    D!mpln6 

was   determined at 85c  or at Q^^v      «PI« + 
or at 95 F.    Tme treatments are further described in 

Appendix 2,  which algo ^^  ^ ^^^ of  ^  ^^ 

^.     In each instance,   except one.   *e one-sided  treatments had a  slightly 

Mgher average damping  than  the corresponding two-aided  treatment.     The 

one exception was  Treatment 192 co.pa.ed to ^ea^ent 195,     Average damning 

for  the  two-sided Treatment 192 was ^,  versus 4.6* for the one-sided 

^ent 195.     The difference of O.Z% between ^ average damping of t*e 

two treatments is considered  to be in a ignificant. 

41.     Little or no bulging was  encountered in the one-sided  treatments, 

WML  all but one of the  two-sided treatments.  Treatment 179A.   exhibited 

appreciable bulging.     The lower darings of  the  two-sided   treatments is  in 

Part attributed  to bulging,  particular* where bulging was very pronounced. 

Thxs  factor|  however,   is  inadequate to   account for all of the observed 

differences  in damping,     it la conclud ^ ^ in  ^ abgence of ^^ 

one-sided  treatments would yield suba^ntially t^e same damping as  two-sided 

treatments  of tue same weight ratio of aluminum to steel. 

-17- 



Choice of Best Damping Treatments 

42.     The best treatment for 3A inch thick steel bars was  Treatment 178A, 

which utilized a constrained layer of l/8 inch thick  chroraated  felt and a 

constraining layer of l/2 inch  thick aluminum.     Thir   treatment was applied 

to  the  two  faces of the steel bar.     Its weight ratio of aluminum to  steel 

was  0.46,  and it utilized 5/8 inch diameter  studs,  spaced  5-1/2  inches apart. 

Its average damping at a constraining pressure of 19 psi was 15%, and the 

frequency range over which damping was  in excess of 5% extended  from 

50 to 1600 cps. 

43.     The best treatment for 1-3/4 inch  thick  steel bars was  Treatment 170. 

It consisted of a  constrained layer of l/8 inch  thick chromated  felt,  and a 

constraining layer of 1  inch  thick alumlnun.     The  treatment was  applied  to 

tha two  faces of the  steel bar.     Its weight ratio of aluminum to  steel was 

0.40,  and it utilized  5/8 inch diameter studs,  spaced  11 inches  apart.     Its 

overage damping at a constraining pressure of 40 psi was 9i,  and  the  frequency 

range over which damping was  in excess of 5% extended  from  150  to 2100 cps. 

SUMMARY 

44.  Tests conducted at 85-F on 3/4 inch and 1-3/4 inch thick steel b^rs 

with damping treatments consisting of a constrained layer of 1/8 inch thick 

chromated felt and a constraining layer of aluminum, which was varied in 

thickness from 1/8 inch to 1 inch, yielded the following results. 

a.  Average damping over the frequency range between 50 and 2100 cps 

increased with rising constraining pressure up to a maximum, which 

-18- 



u 

was  reached at pressures  between 20 and 65 psi.     ft. fr8quency „^ 

over wMch doping was In excess of 5% of critical exhibited the 

same trend. 

b. The effect of constraining p.essure on dating was not due to pressure 

per .., but rather to the state of compression of the constrained felt 

layer. 

0.     Trea^nta ulU, . cc,mpI.essed feU ^ ^^ ^ ^^ ^ 

after WO days from the time pre^ure had been appUM. 

i.    Average damply at . eon.tralamg pressure ef 50 psi „.s e^portlo^l 

t« the „eight ratio of the alamiau, c„„stral„lng layers ^ ^ .^ 

W.     This weight ratio is based on the total weight of the constrain- 

ing layer or layers regerdless of, whether appUed to one face, or tn 

the  two  faces of the steel bar. 

..     The highest damping of }/i imh  ^ steel ^ ^ ^^ ^ 

Treauent m,. which utiii^ 1/, lnoh thlck ^^ Uym ^^ 

to two faces of a  steel bar.     I*. ueight ratlo ^ ^  ^^ ^ 

0.46.    Average da^i,^ of in „„ ^^ ^ ^ ^^ ^ 

of 50 to ^00 ops.     The corresponding ^enoy range over which 

doping was in e»ess of M extended fro. 50 to 1600 cp. 

'.     The highest doping of 1.3A inch ^ .^ ^ ^^ ^^^ ^^ 

Troahnent 170.  «Mch utiH^ x/, inch ttlck alu^uB ^^ ^^^ 

* two   race» of a stee! bar.     ^ weiBht rnUo or ^ ^^ ^ 

CO.     Average dampi„6 up  te « „„ obtÄlncd ^ ^   ^^^ 

^om  50  to aoo  cps.     The corresponding fre^ncy  range over which 

demping was in e.cess of 5X extended fro. J50 to aoo cps. 

-19- 



g.     Tests made at *5o and 9T indicate   ^ ^^^ ^^ ^ 

to one side of the steel bar yielded approximately the  same,  or 

slightly higher damping than  treataenta  of the same weight ratio 

which were applied  to  two  sides of  the  bar. 

FtmjRE WORK 

45.    The data obtains to dato .^^ soverol ^„.^^ ^ ^^ 

the d^i^ tr«Wt. or «.. tjTe ^..U^t«, !„ thl. „ork.    ^e dat, .l5o 

I-« . nunbeP or ^.Mlwl problms of practloal SiseeTUBet_   A ^^ ^ 

the fBUowlng type, of troataents soems rro»isl^. 

0ne-51ded  Trpntwa«t^ 

46.    The „„ of troa^ata .ppU«, te oaly one .„. or ^ ^^ ^ 

t- and labor.     Ono.^od  toeataanta are also auitable tor rotaarln. p.,,. 

whloh are „ot .-eadUy aooe3alble to tUo-3lded appUoaUoae.    It la belteved 

that one-aided tneatae„t9 „omd «V. It poaslbU to obteln a.tlafao^ 

*-*** on 3A inob tble. atee! PUU. wltb oonataalnln, ^„. of atam™ 
of r.Utir,^ lou „elght r.tio3> snd 3U11 nvoid baigiag     ^^ ^^^ 

«eat. of the Sa»e „elgbt ratio and atud apaolng „ould be „o.-e prone to 

bulging. 

Treatoenta l.tm^ y^He... ■^. of Coni,tr„n^ r„r„ 

47.     Treatment. utlUzln. oonatralned Lyer. of felt or ^ttl„g. of »terl.le 

euoh as „non, Action, .„d wool free of adbeslve. abould be laveatl.ated 

rrell^lnary daf ah„„  U-t ^e da„pln. efflelene. of th. fen »terlal peed 

-20- 



in the present study I, very marked^ reduced vhen the temperature is raised 

from 74^ to 120*7. It is possible that the damping efficiency of some of 

the fibrous materials suggested above might not be susceptible to such wide 

changes in the temperature interval between 70° and 120^F. 
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D. L, Phillips, Physicist 
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R. R. James, Supervisory Technologist 

R. S. Morris, Principal Technologist 
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DESCniPTIOK CF DAMPING TR] miENTS  INSTALLED ON  1-3A INCH THICK i 

(Page  ]   of 2) 

rteel teat torr: 96 inchec long x 6 U 
Conetrained layon 1/6 inch thick tard 
Stud location:     One  row along raidcJe o: 

unlesr oiherwine  indicated 
Treatment  location:     On both  fnceR  of | 
Tept temperature:    ^5rF 

Thickness of 
Aluminun 

Each Weight  :iatio 
(nominal) 

: tude Initial 
Constraining 

TreR tjnent Constraining Layer Aluminum eter Spac ing Pressure 

No. inch to Steel Inch inches 

11 

psi 

129 1 1/4 3 
■: 

16 

] 29A 1 0.40 1/4 
-.»«« 

11 
22 
50 
65 
87 

109 

170 1 0.40 5/8 1] 3 
7 

20 
40 
• 

178C 1/2 CM 1/4 
, *«« 

15 
^r 

50 
100 

thickness of tiie compressed   felt  . aentially uniform in all  treatments 
constraining  layer. 
Number   in parentheses   indicates   that at or near   this   frequency, darapinp was   equ 
Studs  were arranged  in  two  rows,   j  inches between studs   in each row.     Each  row ■ 



"1 
"I1 

C7 avTun ■: miS  MSIAUa) OK 1-3/4 IHCH THICK STEF.L TEST BJRS   '.ND RESULTS OF TESTS 
(Page  1 of 2) 

Stee}   test have:    96 inchec  long x 6  Lnchee vide 
Constrninod lAyert     l/8 ^ch thick "treated wool   felt 
Stud location:     One row along middle of steel  bar, 

unlepp  otherwise indicated 
Treatment location:     On both  faces of steel bar 
Tept temperature:     ?5rF 

N 

Weight Ratio 
(nominal) 
Aluminum 
to  fteel 

0.40 

0.40 

"tudj 

0.40 

0.^0 

Diameter    Cpaclng 
inch inches 

V4 

iA 

IA 

i] 

5/8 11 

Initial Thickness of 
Constraining Compressed Average Damping 

Pressure Felt* up  to  2100 cps 
üsi \ ach % of er', tleal 

!' C.100 
' C.092 6.4 

\: 0.084 8.4 

11 .    ■■ 
. 

22 . 7.6 

50 7.6 

65 8.4 

87 0.067 8.1 

109 0.065 7.1 

3 0.097 5.4 

7 0.086 6.1 

20 0.074 8.7 

40 0.065 9.3 

65 0.060 6.8 

7 0.107 5.3 

1] 0.100 5.6 

15 0.09S 6.2 

25 0.089 6.6 

50 0.082 5.4 
100 0.072 4.3 

iEL 

50-  350(700)** 
50-1450 
50-2100 

50-1500 
50-2100 

150-1600(2100) 
150-2100 
3 00-2 IOC' 
30C-1700 

50- 350 
50-:. 

150-2100 
-2100 

1.50-1450 

150-1200 
150-1250 
1 50-1250 (1850 ^* 
150-1900 
^50-1650 
450-1150 

,    essentially  uniform  in all   treatments  since no  significant bulging occurred   in  the 

ic'ite?   that at or near  this   frequency,   damping was  equal  to  or  slightly  greater  than  5X of critical. 
D  rows,   3   inches  between  studs  in each row.     Each row wan  1-1/2  inches   from an  edge of  the  steel  bar. 



1 
DESCRIPTTOK OF DAMPING  TREATMENTS INSTALLED ON  1-3A INCH  THICK 

(Page Z of 2) 
Steel  test bars!     Q6 inches  long x 6 i 
Constrained layer:     l/8 inch  thick  tr< 
Stud location:     One  row along middle c 

unless otherwise indicated 
Treatment locations     On both faces of 
Test temperature:     85°F 

Thickness  of Each 
Aluminum 

Treatment    Constraining Layer 
No. inch 

178D 

179C 

1/2 

1/4 

Weight Ratio Stud c Initinl 
Constraining 

Pressure 
psi 

Thl 
Cc 

■ 
(nominal) 
Aluminum 
to   Steel 

Diameter 
inch 

Spacing 
inches 

11 

3»## 

0.20 

0.10 

1/4 

iA 

1.6 
3.2 

50 
100 

The   thickness of the compressed   felt was  essentially uniform  in all  treatment«   r 
constraining layer. 

•••  Studs were arranged  in  two  rows,   3   inches between  studs  in each rou.     Each  row w« 



1 
1 

OF DAMPING TREATMENTS  INSTALLED ON 1-3A INCH  THICK STEEL TEST BARS AND RESULTS OF TESTS 

(Page 2 of 2) 

Steel test bars?  ^6 inches long x 6 inches wide 
Constrained layer:  l/8 inch thick treated vool felt 
Stud location: One row along middle of steel bar, 

unless othervise indicated 
Treatment location: On both faces of steel bar 
Test temperature; 

'S 

acp i? 

Weight  Ratio Stuc E Initial 
Constraining 

Pressure 
psi 

Thickness of 
(nominal) 
Aluminum 
to  Steel 

Diameter 
inch 

Spacing 
inches 

n 

3»»» 

Compressed 
Pel t» 
inch 

0.20 

0.10 

iA 

iA 

1.6 
3.2 

50 
100 

0.112 
0.106 

Average  Damping 
up  to fclOO cps 

'.'  of cri tlcal 

5.0 

2.8 
-.4 

Frequency  Range  for Damping 
above  5/? of critical 

 ££3  

50- 350 
50-1200 

jcaed   felt was  essentially uniform in all  treatments   since no  significant bulging occurred  in  the 

rows,   3   inches  between  studs  in each row.     Each row was  1-1/2  inches   from an edge of the  steel  bar. 



1 
"I1 

DESCRIPTION OF DAMPING TREATMENTS INSTALLED ON 3A INCH TH!» 

(Page 1 of 2) 

Steel test bars: 68 inches long, and either 3 
Constrained layer: l/8 inch thick treated vioo 
Stud location:    One row along middle of steel 

Location of 
Treataient    Treatment on 

No^        Steel Bar 

178A 

179A 

Thickness of Each Weight Ratio 
Aluminum (nominal) 

Constraining Aluminum 
Layer,   Inch to Steel 

on both faces 

on both faces 

179B on both faces 

179A on both faces 

184 on both faces 

185 on both faces 

1/2 

IA 

1/4 

iA 

1/2 

1/8 

0.46 

0.23 

0.23 

0.23 

0.23 

0.12 

Initial 
Stud 1 Constraining 

Diameter Spacing Pressure 
inch inches 

5-1/2 

psi 

5/8 2 
4 
8 

13 
19 
50 

100 

5/8 5-1/2 4 

4 
8 

15 
19 

38 
38 

IA 3»»» 50 

5/8 5-1/2 19 

5/8 5-1/2 19 

iA 3 50 



MMENTS  INSTALLED ON 3A  INCH THICK STEEL TEST BARS  AND RESULTS OF TESTS 

(Page 1 of 2) 

Irs:     68 inches  long,  and either 3-5/8 inches or 4 inches wide 
aver:     l/8 inch thick treated yool  felt 

One row along middle of steel bar 

N 

Studs 
liameter    Spacing 

inch inches 

5/8 

5/8 

5-1/2 

5-1/2 

lA 3»»» 

5/8 5-1/2 

5/8 5-1/2 

lA 3 

Thickness 
Initial of 

Constraining    Compressed 
Pre a sure Felt 

psi         inch 

2 
U 
8 

13 
19 
50 

100 

U 

4 
8 

15 
19 

38 
38 

50 

19 

19 

50 

0.1U 
0.107 
0.103 
0.098 
0.093 
0.080 

0.073 

0.110 

0.099 
0.094 
0.087 
0.095 

0.088 
0.078 

0.076 

0.095 

Average Damping 
up to 2100 cps 

%  of critical, 

7.6 
7.9 
11.5 
13.4 
15.2 
11.9 

12.1 

6.5 

3.8 
4.8 
4.8 
5.5 

9.2 
5.2 

7.2 

6.0»*»» 

6.4»**» 

3.5 

Frequency Range 
for Damping 
above 5^ of 
critical 
 cps  

50-1000 
50-1700 
50-1750 
50-1850 
50-1600 
50-1000 
(1500- 
1850)» 

150-1900 

50- 600 
(1200)»» 
50- 200 

100- 600 
200- 800 
100-1200 
(1500)»» 

100-2050 
200-1750 

100-1200 

100-1200 
(1500)»» 

50-1050 

none 

Bulging of 
Constraining 

Layer 
inch 

none 
none 
none 
none 
none 

none 
none 

none 

none 
none 
none 
none 

none 
none 

none 

none 

0.006 

Teat 
Tempera ture 

op 

85 

85 

85 

85 

85 

85 



"1 
^ 

DESCRIPTION OF DAMPING TREATMENTS INSTALLED ON 3/4 

(Page 2 

Steel teat bars: 68 Inches long, and t 
Constrained layers l/8 inch thick tree 
Stud locations One row along middle ol 

Treatment 
No. 

186 

192 
195 

192 

195 

192 
195 

Location of 
Treatment on 
Steel Bar 

on both faces 

or both faces 
on one face 

on both faces 

on one face 

on both faces 
on one face 

Thickness of Each Weight Ratio 
Aluminum 

Cons training 
Layer, inch 

iA 

1/4 
1/2 

V4 

1/2 

IA 
1/2 

Weight Ratio 
(nominal) Stud 3 

Initia 
Constrai 

Presse 
psi 

Aluminum 
to Steel 

Diameter 
inch 

Spacing 
inches 

3 0.12 iA 50 

0,23 
0.23 

3/4 
1/4 

12 
12 

7 
7 

0.23 1/4 12 21 

0.23 3/4 12 21 

0.23 
0.23 

1/4 
1/4 

12 
12 

35 
35 

*» Damping near the 1300 ops frequency was about 1%  of critical, but was otherwise 
Number in parentheses indicates that damping at or near this frequency was equal 

***  ? UdS We^e arranged in ^o rows, 3 inches apart, and 3 inches between studs in ( 
Average damping for the frequency range of 50-1500 cps only, because data beyon< 



ATMENTS INSTALLED ON 3A INCH THICK STEFL TEST BARS AND RESULTS OF TESTS 
(Page 2 of 2) 

rst    68 inches long, and either 3-5/8 inches or 4 inches wide 
ayer:    l/8 inch thick treated wool felt 
j    One row along middle of steel bar 

nil 
«V 

Studs 
Initial 

Constraining 
Pressure 

psi 

Thickness 
of 

Compressed 
Felt 
inch 

Average Damping 
up to 2100 cps 

% of critical 

4.3 

Frequency Range 
for Damping 
above 5% of 
critical 

cps 

Bulging of 
Constraining 

Layer 
inch 

Test 
lameter 

inch 
Spacing 
inches 

3 

Temperature 
op 

iA 50 3 50-1400 none 85 

lA 
iA 

12 
12 

7 
7 . 

4.8 
4.6 

50- 600 
50- 300 

0.0X3 
0.002 

95 
95 

1/4 

V4 

12 

12 

21 

21 

— 4.7 

5.6 

100- 650 
(1300)»* 
50-1100 

0.026 

0.004 

95 

95 

1/4 
iA 

12 
12 

35 
35 

— 4.9 
5.9 

200-1050 
100-1100 

0.028 
0.006 

95 
95 

critical,  but was otherwise above 5% in the frequency range of 50-1850 cps. 
aar  this  frequency was equal  to or slightly greater than 5% of critical. 
3  inches between studs  in each row.     Each row was  1-1/2 inches  from an edge of the  steel bar. 

pa only,  because data beyond this range were unreliable. 



APPOJDIX 3 

DETAILS OF TESTING PROCEDURE 

Determination of DaxaipJLng 

1. The test bar with the applied damping treatment was suspended 

horizontally from an edge of the bar by means of ropes, at two attach- 

ment points. An electromagnetic vibrator, which served to excite vibra- 

tions in the test assembly, was connected to one end of the bar, and 

an accelerometer to the other end. The bar and these attachments were 

placed in a constant-temperature room which was maintained at either 

85° or 95°F. The instrumentation used is schmatically shown in 

Appendix U. 

2. Damping was determined as followst the frequency of the vibrator 

was gradually increased until the response of the pickup indicated a 

response frequency for the bar assembly. The drive to the vibration 

exciter was then shut off by means of a relay, and the decaying vibration 

of the test bar, as detected by the accelerometer, was displayed on the 

Meraoscope.  The attenuation angle of the logarithm of the amplitude 

signal. A, to the horizontal coordinate was measured. Damping, expressed 

as per cent of the critical damping, was calculated according to the 

following formulas 

Per cent of critical damping =  ^  



Wherei 

K = a constant containing celibration factors 
of the instruments used. 

T ■ the sweep time of the Meooscope, in seconds. 

F = the vibration ft-equency of the test bar in 
cycles/second. 

3. Damping of resonance frequencies up to about 3000 cps vere measured. 

Beyond this range wide gaps existed between the detected resonance 

frequencies, and the signals were, in general, very weak. Spot checks 

indicated that damping was also low, about 2%, or  less. 

Checking of Damping Measurements 

4. The instrument system shown in Appendix 4 was checked at least once 

daily by means of the electrical analog which was described in 

reference (j). An analog having an inductance of 0.02 henrys, a capaci- 

tance of 0.97 microforads, and a resonance frequency of 1137 cps was 

used in most tests. A few spot checks were also made periodically with 

the same instrument using, however, a 0.2 microforad capacitor. The 

resonance frequency of this arrangement was 2510 cps. There were no 

significant differences between the results obtained with the two arrange- 

ments. 

5. The damping in this type of analog is proportional to the resistance 

of the apparatus, according to the following relation: 

C  R i/"B 

TC
=
TVT 

II 



Wherei 

C = damping of electric discharge 

Cc=  critical damping of electrical circuit 

R = resistance of apparatus in ohms 

B = capacitance in farads 

L = inductance in henrys 

6. In each check teat the resistance was varied over a wide range, and 

the measured damping of the electrical signal after passing through the 

filter, the log amplifier, and the Memoscope was compared with the damping 

calculated according to the above equation. In general, there was a fair 

agreement between the calculated and the observed damping up to about 

15-18^. Above this range there was often poor reproducibility in the 

measured damping values, and on the whole, the latter tended to be about 

10% to 20% below the calculated values. This behavior indicates that the 

measured damping values of the treatment assemblies above about 15%  or 18% 

of critical were likely to have been smaller than the actual damping. 

Identification and Selection of Flexural Modes of Vibration 

7. Reference (k) stated that it was essential that the flexural modes 

be positively identified, and that the modes of vibration be of the same 

type in all compared frequencies. This was done by plotting the observed 

resonance frequencies on a log-log graph paper, against the flexural 

mode number, n.  The observed frequencies were assigned the consecutive 

(n + 0.5) values. A straight line of best fit was drawn through the 

points, and the frequencies which significantly deviated from this 

III 



line were eliminated as being due to vlbrational modes other than those 

under study. The basis for this procedure had been explained in 

reference (h). 

8. There was, in general, a very close linear relation between log 

(n + 0.5) and log frequency for n values up to about 8 or 10, and very 

few points had to be eliminated in this range. Beyond this point spuri- 

ous frequencies were often encountered. The above method for frequency 

idenUfication was quite reliable for frequencies up to about 2000 cps, 

but became progressively less reliable beyond this range. 

Application and Determination of Constraining Pressure 

9. The damping treatments were subjected to constraining pressures by 

applying torques to the nuts of the supporting studs by means of torque 

wrenches. A definite torque was applied in each case, the assembly was 

then let stand for 10 to 30 minutes, after which the torque was adjusted 

again to the original value. The assembly was then ready for damping 

measurements.  Conversion of a torque to its corresponding constraining 

pressure was by means of the following formulai 

Where: 

0.2xDxA 

P - constraining pressure, in psi 

T = applied torque, in inch-lbs 

D = stud diameter, in inches 

A = ares of constraining aluminum layer per stud, 
iß square inches 

IV 

3 



10. The formula on the proceeding page is based on the expression 

T = 0.2xDxL given in reference  (l).     In this expression L is  the 

initial tension in pounds induced in a bolt by the application of a 

torque,  T,   to the securing nut.    D is the bolt diameter. 

11. There was a rapid stress relaxation in the constraining layer 

following the application of torque.    This relaxation continued during 

the period of damping measurements.     The constraining pressure calculated 

from the above formula represents only the initial constraining pressure, 

and not the actual pressure during the damping determinations.    All of 

the constraining pressure data in this report refer to the initial pressure, 

unless otherwise specified.    The effect of pressure on damping was mainly 

due to the degree of compression of the felt.    The nuts of the studs were 

not disturbed during the damping test, and thus the degree of compression 

of the felt remained unchanged during this period. 

12. The amount of felt compression by a given torque was not constant. 

It varied with the rate of torque application, with the length of the 

time interval between  torque application and adjustment,  and possibly 

also with stud spacing. 

Determinations of Thickness of Compressed Felt and 
Bul^jry; of Constraining I^yer 

13. Thickness of the felt layer  in the treatment assembly after it 

had been subjected to a constraining pressure was determined by measuring 

the  thickness of the assembly with a micrometer calibrated in 0.001-inch 

units.     Similar measurements were made also on the assembly without 



the felt.    The difference between the two thickneases corresponded to 

the felt thicknesa.    When the damping treatmonte were applied to  the two 

Bides of the steel bar, one l/8 inch felt layer, on each side,   the 

difference between the two measured thicknesses was divided by 2. 

No such division was made when the treatment was applied to only one 

side of the bar.     The  felt thickness values given in the tables refer 

to felt strips of a nominal  thickness of l/8 inch In the uncompressed 

state. 

.14.    From 15  to about 30 thickness measurements were made on each bar 

and averaged.     These measurements were taken at regularly distributed 

points on the bar.    They were taken near the edge of the bar at points 

lying above the studs,  as well as half way between studs.    Measurements 

were taken,  whenever possible, also along the middle of the treatment's 

face,  along the line connecting the studs. 

15. These measurements served also to establish the presence or absence 

of bulging in the constraining layer,  as well as the magnitude of the 

bulge. 

Determination of True Specific Gravity of Treated Felt 

16. The  specific gravity of the solid materials in the felt was 

determined in order to calculate the volume of the air interstices in 

the compressed felt layer of the damping treatment.     This determination 

was performed in the  following manner:a non-compressed  felt sample  was 

first weighed in air.     The sample was  then submerged in water in a glass 

container,  and  the container was evacuated continuously for one hour to 

TI 



remove the air froa the felt.    A trace of n-heptyl alcohol was added to 

the water to reduce surface tension, and accelerate the removal of the 

air bubbles.    The sample was then weighed again under water.    The specific 

gravity, Sc,  of the felt material, after removal of air was 1.505.    The 

thickness of the felt strip compressed to the point when all air Inter- 

stices have been eliminated, assuming that no  lateral expansion of the 

felt took place during compression, was designated by T . 

17.    From the thickness of a felt sample of a known area ,  prior to 

compression,  Ta, and its weight in air,   the specific gravity of the 

sample in this condition,  Sa, was determined.    From these quantities 

Tc was calculated by means of the following relation« 

T„  = 
Ta xSc 

■^a 

Determination of Air Space in Felt 

18. The above equation enables the calculation of the volume fraction 

of air in the felt, F, at any state of compression, from the following 

relation: 

F = 
Vf -vc 
Vf 

Where: 

Vf - volume of compressed felt, including air space 

Vc = volume of solid felt material without air space 

VII 
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19. For a felt sample of a given area, A, and a thickness, T, the 

following relations hold: 

Vf 

Vc = 

F = 

AT 

ATC 

AT - ATC 

AT 

T - T, 

VIII 
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VARIABIIITr OF DAMPING VALÜ3S EN REPLICATE 

Treatment 178A 
Frequency Per Cent Critical Damping Frequ* 

cps cps Run 1   Run 2 

10.2    11.5 

Run 3   Run 4 

10.2    11.1 55 L 
128 11.3    10.8 11.6    13,7 1( 
220 12.2    12.5 12.1    12.4 lc 
334 13.9    13.2 12.6    11.9 3C 
479 
637 

10.5    11.6 10.7    10.9 43 
11.2    10,9 9.3    9.9 5S 

817 7.5    8.4 8.1    9.1 T, 
1035 8.5    6.5 7.2     7.1 9£ 
1226 2.5     3.2 5.3     6.2 12C 
14-51 8.2    6.3 4.4    1.0 14.3 
1741 5.4    5.0 5.0    6.1 16*5 
1955 2.4    1.6 2.1    1.4 189 
2236 1.1    0.6 1.1     1.0 223 

Average per cent of critical damping 
over frequency range for each run 

Mean per cent of critical damping 
over frequency range for four runs 

8.1 7.8 

7.9 

\ 



VARIABILHY  OF DAMPING VALUES   IN REPLICATE TEST HUNS  ON SAME ASSEMBLIES 

Frequency 
cps 

Treatment 178A Treatment 179A 
Per Cent Critical Damping Frequency 

cps 
Per Cent Critical Damoins 

Run 1 Run 2 Run 3        Run 4 Run  1 Run 2 Run 3 Run 4 

55 10.2 11.5 10.2          11.1 43 9.0 8.2 7.8 8.4 
128 11.3 10.8 1.1.6          13.7 103 11.6 10.5 10.6 10.3 
220 12.2 12.5 12.1          12.4 191 9.2 10.4 10.2 9.5 
334 13.9 13.2 12.6          11.9 305 8.0 11.1 9.3 9,1 Z.79 10  "5 n   A TfV "7             in   Q A^n 5>     T rt    /s 

O. X 8.0 7.8 8.0 
637 11.2 10.9 9.3            9.9 598 4.6 6.7 7.1 6.9 
817 7.5 8.4 8.1           9-1 775 3.8 5.5 5.7 5.0 

1035 8.5 6.5 7.2             7.1 988 3.6 6.2 4.9 4.5 
1226 2.5 3.2 5.3            6.2 1202 3.9 5.3 5.3 6.0 
U51 8.2 6,3 4.4            1.0 1433 2.8 3.9 4.6 3.5 
1741 5.4 5.0 5.0            6.1 1671 1.3 3.8 3 .3 4.3 
1955 2.4 1.6 2.1            1.4 1899 mm 3.4 3.3 
2236 1.1 0.6 1.1             1.0 2234. 0.8 0.7 0,6 0.8 

damping 
run 8.1 7.9 7.7            7.8 . 5.6 6.4 6.1 6.1 

ping 
\ 

runs 7.9 : 6. 1 
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